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Overall survival (OS) has improved with increasing use of novel 
agents in multiple myeloma (MM). However, the disease course 
remains highly variable, and the heterogeneity largely reflects dif-
ferent genetic abnormalities. We studied the impact of the Mayo 
risk-stratification model of MM on patient outcome in the era 
of novel therapies, evaluating each individual component of the 
model—fluorescence in situ hybridization (FISH), conventional cy-
togenetics (CG), and the plasma cell labeling index—that segre-
gates patients into high- and standard-risk categories. This report 
consists of 290 patients with newly diagnosed MM, predominantly 
treated with novel agents, who were risk-stratified at diagnosis 
and were followed up for OS. Of these patients, 81% had received 
primarily thalidomide (n=50), lenalidomide (n=199), or bortezomib 
(n=79) as frontline or salvage therapies. Our retrospective analy-
sis validates the currently proposed Mayo risk-stratification model 
(median OS, 37 months vs not reached for high- and standard-risk 
patients, respectively; P=.003). Although the FISH or CG test 
identifies a high-risk cohort with hazard ratios of 2.1 (P=.006) and 
2.5 (P=.006), respectively, the plasma cell labeling index cutoff 
of 3% fails to independently prognosticate patient risk (hazard 
ratio, 1.4; P=.41). In those stratified as standard-risk by one of 
the 2 tests (FISH or CG), the other test appears to be of additional 
prognostic significance. This study validates the high-risk fea-
tures defined by FISH and CG in the Mayo risk-stratification model 
for patients with MM predominantly treated with novel therapies 
based on immunomodulatory agents.
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CG = cytogenetics; CI = confidence interval; FISH = fluorescence in situ 
hybridization; HR = hazard ratio; IgH = immunoglobulin heavy chain; MM = 
multiple myeloma; mSMART = Mayo Stratification of Myeloma and Risk-
Adapted Therapy; NR = not reached; PCLI = plasma cell labeling index; 
SCT = stem cell transplantation
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Multiple myeloma (MM) is a clonal plasma cell dis-
order that has witnessed considerable therapeutic 

advances in recent times. This progress can be attributed 
to improved antimyeloma therapy along with a better un-
derstanding of the tumor biology and heterogeneity.1,2 Al-
though a wide variation in overall survival (OS) of patients 
has been observed in studies analyzing the natural history 
of MM,3 only now are we beginning to associate the dispar-
ity in clinical outcomes with specific genetic abnormalities. 
Such chromosomal abnormalities are almost universally 
prevalent in the neoplastic plasma cells, typically occurring 
early in the disease process and dictating its course.4 Both 
cytogenetics (CG) and interphase fluorescence in situ hy-

bridization (FISH) assays have played pivotal roles in the 
risk stratification of patients with newly diagnosed MM. 
Although still useful, conventional prognostic factors (β

2
-

microglobulin, lactate dehydrogenase, serum albumin, C-
reactive protein, etc)5 appear to be somewhat less discern-
ing of the outcome compared with the genetic aberrations 
that drive the tumor biology.6-10

	 The Mayo Stratification of Myeloma and Risk-Adapted 
Therapy (mSMART) criteria use a combination of meta-
phase CG, FISH, and plasma cell labeling index (PCLI; a 
measure of the percentage of plasma cells in the S phase of 
the cell cycle)11 results to derive 2 composite risk categories 
(high-risk vs standard-risk) for prognostication of patients 
with newly diagnosed MM.12 Although the initial prognos-
tication criteria were based on the evidence predominantly 
garnered from patients treated with conventional chemo-
therapy and/or stem cell transplantation (SCT), the recom-
mendations are periodically revised as new data emerge. 
Less than a decade ago, melphalan-prednisone or combi-
nation chemotherapies along with SCT were the mainstays 
of treatment of MM. The introduction of newer therapies, 
immunomodulatory drugs (thalidomide and lenalidomide), 
and the first-in-class proteasome inhibitor bortezomib ush-
ered in a period of remarkable progress as the profound 
impact of such novel agents became evident early in the 
disease course.1,13 Therefore, the Mayo prognostic model 
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needed a formal assessment in the current era of expanded 
use of novel therapies. The objectives of our study were 
to evaluate the significance of the Mayo risk-stratification 
criteria since the integration of novel agents in the man-
agement of MM and to assess the independent prognostic 
value of each of the components (CG, FISH, and PCLI) in 
the model.

PATIENTS AND Methods

We abstracted data from a cohort of 1556 consecutive pa-
tients who presented to Mayo Clinic in Rochester, MN, 
between January 1999 and March 2009 within 90 days of 
diagnosis of MM. High-risk MM was defined by the Mayo 
stratification model as the presence of any one or more of 
the following: CG: hypodiploidy, monosomy of chromo-
some 13, or deletion 13q; FISH: deletion of p53 (locus 
17p13) or immunoglobulin heavy chain (IgH) transloca-
tions, t(4;14)(p16.3;q32), or t(14;16)(q32;q23); or PCLI 
of 3% or greater. Patients were considered standard-risk if 
they lacked all the aforementioned abnormalities. Because 
the IgH translocation signature on FISH studies of MM 
patients is conserved throughout the disease course, we 
used IgH translocation–related data from interphase FISH 
performed on patients at any time point during the course 
of the disease. However, the non–IgH translocation–related 
abnormalities on FISH (del 17p) were considered for strati-
fication only if observed at diagnosis. The Mayo Clinic In-
stitutional Review Board approved this study. 
	 Survival estimates were created using the Kaplan-Meier 
method and compared by log-rank tests. Overall survival 
was defined as the time from initiation of therapy to death 
from any cause. Patients who were alive at the time of anal-
ysis were censored on the last date of follow-up. All sta-
tistical tests were performed using JMP 8 (SAS Institute, 
Cary, NC).
	 We attempted to validate the proposed mSMART cri-
teria in patients with newly diagnosed MM predominantly 
treated with novel agents by comparing OS of high- vs 
standard-risk groups. In addition, we studied the prognos-
tic value of the 3 tests separately and in a multivariable 
analysis using the Cox proportional hazards model. We 
then examined the additional prognostic contribution of 
FISH in patients classified as high- and standard-risk by 
CG, and vice versa.

Results

The current analysis consists of 290 patients with symp-
tomatic MM who had CG and PCLI performed within 90 
days before and up to 7 days after initiation of antimyeloma 
therapy. In addition, interphase FISH results were available 

for all these patients. The median age of the patients at pre-
sentation was 64 years (range, 22-89 years), and 177 (61%) 
were men. Of the 290 patients, 236 (81%) had received 
novel agents, primarily thalidomide (n=50), lenalidomide 
(n=199), and bortezomib (n=79), as frontline or salvage 
therapies. A total of 185 patients (64%) had received a 
novel agent-based frontline therapy; 112 patients (39%) 
had undergone autologous SCT, 13 of whom underwent a 
second SCT. Allogeneic transplantation was performed as 
a salvage measure in 4 patients.
	 Of the 290 patients, 211 (73%) were alive at the time 
of analysis. The median estimated OS for the entire co-
hort was 65 months, and the median estimated follow-up 
was 29 months from initiation of therapy. Altogether, 80 
patients (28%) were deemed high-risk by one or more of 
the 3 tests—CG, FISH, and/or PCLI—as described in the 
Patients and Methods section. Twenty-two patients (8%), 
51 (18%), and 27 (9%) were considered high-risk by CG, 
FISH, and PCLI, respectively. The median OS of high-risk 
patients (n=80) was 37 months (95% confidence interval 
[CI], 29-58 months) vs not reached (NR) (95% CI, 53 
months-NR) for the standard-risk group (n=210; P=.003; 
Figure 1, A). Patients classified as high-risk by FISH alone 
had a median OS of 30 months (95% CI, 22-56 months) 
vs NR (95% CI, 53 months-NR) for patients classified 
as standard-risk by FISH alone (hazard ratio [HR]=2.1; 
P=.006; Figure 1, B). Similarly, CG alone stratified pa-
tients into high- and standard-risk categories with a com-
parable HR of 2.5 (P=.006) (median survival, 29 months 
[95% CI, 10-57 months] vs 65 months [95% CI, 53-82 
months]; Figure 1, C). In contrast, PCLI did not have a 
significant prognostic value (HR=1.4; P=.41; Figure 1, D). 
This was confirmed in a multivariate analysis including all 
3 tests (Table).
	 Patients classified as high-risk by FISH (n=51; 18%) 
were further categorized into 2 groups according to the 
presence or absence of high-risk features on CG (OS, 16 
months [95% CI, 3-26 months] vs 35 months [95% CI, 
24-37 months]; P=.27; Figure 2, A). Additional prognostic 
information was gained by obtaining CG in FISH-strati-
fied standard-risk patients (n=239; 82%) (OS, 37 months 
[95% CI, 10-57 months] vs NR [95% CI, 57 months-NR] 
for high- and standard-risk features, respectively, on CG; 
P=.01; Figure 2, B).
	 Patients classified as high-risk by CG (n=22; 8%) were 
further categorized into 2 groups by FISH (median survival, 
16 months [95% CI, 3-26 months] vs 37 months [95% CI, 
10-57 months]; P=.37; Figure 2, C). Further prognostic in-
formation was gathered in those classified cytogenetically as 
standard-risk (n=268; 92%) by additional FISH-based strati-
fication (median survival, 35 months [95% CI, 24-37 months] 
vs NR [95% CI, 57 months-NR]; P=.01; Figure 2, D).
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	 We then examined the outcome based on presence of 
high-risk features on either test (FISH or CG) or both. Pa-
tients with high-risk features on either test (OS, 35 months; 
95% CI, 26-51) or both tests (OS, 16 months; 95% CI, 
3-26) have inferior survival compared with standard-risk 
patients (OS, NR; 95% CI, 57 months-NR). Although the 
outcome of patients with high-risk features on both CG 
and FISH (OS, 16 months) was not statistically different 
from that of patients with high-risk features on either test 

alone (OS, 35 months), a clear separation of the survival 
curves of the 3 groups (including patients with standard-
risk features on both tests) is visually appreciated (global 
P=.0002; Figure 3, A). The lack of statistical difference 
likely reflects the small number of patients with high-risk 
features on both tests. The adverse consequence of high-
risk abnormality on either CG or FISH alone appears to 
be equivalent (Figure 3, B).

Discussion

Metaphase cytogenetic abnormalities are seen in a minority 
of patients with MM because of slow division of neoplastic 
plasma cells; however, interphase FISH assay is indepen-
dent of the plasma cell division and has a higher yield to 
detect genetic aberrations.4 Gene expression profiling is 
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FIGURE 1. Overall survival (OS) of high-risk vs standard (std)-risk patients with newly diagnosed multiple myeloma. A, Patients classified by 
Mayo Stratification of Myeloma and Risk-Adapted Therapy (mSMART) criteria: median OS of high-risk patients (n=80) is 37 months vs not 
reached (NR) for std-risk patients (n=210). B, Patients classified by fluorescence in situ hybridization (FISH) alone: median OS of high-risk 
(n=51) vs std-risk (n=239) patients is 30 months vs NR, respectively. C, Patients classified by metaphase cytogenetics (CG) alone: median OS 
of high-risk (n=22) vs std-risk (n=268) patients is 29 months vs 65 months, respectively. D, Patients classified by plasma cell labeling index 
(PCLI) alone: median OS of high-risk (n=27) vs std-risk (n=263) patients is 37 months vs 65 months, respectively. Rx = therapy.

TABLE. Multivariate Analysis of Risk Factors

                       Test	 Hazard ratio	 P value

Cytogenetics 	 2.2	 .02
Fluorescence in-situ hybridization	 2.0	 .02
Plasma cell labeling indexa	 1.1	 .85

a Slide-based method.
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another valuable tool that has reproducibly demonstrated 
the usefulness of molecular classification of MM, but the 
lack of universal availability thus far has confined its role 
to research studies only.14,15 The mSMART model inte-
grates risk assessment by 3 tests, 2 of which are increas-
ingly being performed in the community as initial work-up 
of newly diagnosed MM. In contrast, the use of PCLI is 
constrained by its requirement of technical expertise and 
limited availability.
	 We attempted to avoid a selection bias by studying a co-
hort of patients treated sequentially since the introduction 
of novel agents, irrespective of the therapy they received. 
Our study validates high-risk features defined by FISH and 
CG in the risk-stratification model among patients treated 

since the introduction of novel therapies. Either test identi-
fies a high-risk cohort with an HR of about 2. Particularly 
in patients stratified as standard-risk by 1 of the 2 tests, in-
formation provided by the other appears to be of additional 
prognostic value.
	 Our results indirectly attest to a survival benefit in 
standard-risk patients since the integration of novel thera-
pies in the treatment paradigm of MM. However, caution 
must be exercised in this interpretation because the study 
did not individually assess the impact of thalidomide, 
bortezomib, or lenalidomide. Furthermore, patients with 
high-risk cytogenetic abnormalities have derived survival 
benefit from thalidomide-based Total Therapy 2.16 In addi-
tion, recent subset analyses of prospective studies demon-
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FIGURE 2. A, Cytogenetics (CG)-based risk stratification of patients with high-risk features by fluorescence in situ hybridization (FISH). When 
FISH-detected high-risk patients (n=51) are further subdivided into 2 groups based on presence (n=6) or absence (n=45) of high-risk features 
on CG, median overall survival (OS) is 16 months vs 35 months, respectively. B, CG-based risk stratification of patients with standard (std)-risk 
features by FISH. When std-risk patients by FISH (n=239) are further subdivided into 2 groups based on presence (n=16) or absence (n=223) 
of high-risk features on CG, median OS is 37 months vs not reached (NR), respectively. C, FISH-based risk stratification of patients with high-
risk features by CG. When high-risk patients by CG (n=22) are further subdivided into 2 groups based on presence (n=6) or absence (n=16) 
of high-risk features on FISH, median OS is 16 months vs 37 months, respectively. D, FISH-based risk stratification of patients with std-risk 
features by CG. When std-risk patients by CG (n=268) are further subdivided into 2 groups based on presence (n=45) or absence (n=223) of 
high-risk features on FISH, median OS is 35 months vs NR, respectively. Rx = therapy.
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strating advantage of up-front bortezomib-based therapy 
in high-risk patients are paving the way for a risk-adapted 
therapeutic approach.17,18

	 In surprising contrast, the slide-based PCLI that had 
hitherto been an extremely powerful independent prog-
nosticator in different settings (newly diagnosed, relapsed, 
pretransplantation or posttransplantation, and chronic 
stable plateau phase) was found to be a relatively inef-
fective prognosticator in patients with newly diagnosed 
MM receiving novel therapies.19-22 This important finding 
requires verification in a prospective manner but could 
have several implications. Although it may be imprudent 
to completely disregard the degree of proliferation of 
plasma cells measured by PCLI at diagnosis in a patient 
in whom a novel agent is initiated, it is particularly im-
portant to individually assess the magnitude of impact of 
each novel agent on PCLI. These findings are additionally 
corroborated by our recent analysis demonstrating the in-
ability of thalidomide, but not lenalidomide, to overcome 
the adverse prognostic impact of PCLI at a cutoff of 1% 
or greater.23 Our study does not take into account the im-
pact of individual novel agents.
	 A recent retrospective analysis of 100 patients with 
newly diagnosed MM who received lenalidomide as initial 

FIGURE 3. Risk stratification based on presence of high-risk features on fluorescence in situ hybridization (FISH) or cytogenetics (CG) or both. 
A, Median overall survival (OS) is 16 months vs 35 months vs not reached (NR) for patients with high-risk features on both FISH and CG (n=6), 
either (n=61), or neither (standard [std]-risk; n=223), respectively; P=.0002. No difference in survival was noted between patients stratified 
as high-risk by either vs both, which likely reflects the small number of patients in the group with high-risk features on both FISH and CG. B, 
Median OS is 16 months vs 35 months vs 37 months vs NR for patients stratified as high-risk by both FISH and CG (n=6), high-risk by CG 
only (n=16), high-risk by FISH only (n=45), and std-risk (n=223), respectively. Note that the survival curves of patients stratified as high-risk by 
either FISH or CG are intertwined. Rx = therapy. 

therapy demonstrated that those with high-risk features as 
defined by mSMART have a shorter progression-free sur-
vival compared with standard-risk patients (36 months vs 
18 months). However, a lack of survival difference between 
the 2 groups could reflect the contribution of subsequent 
novel agent-based salvage therapies particularly initiated 
in the high-risk group.24

	 Despite the limitations of a retrospective analysis, our 
findings question the significance of observer-dependent 
slide-based PCLI as an independent prognosticator at a 
cutoff of 3% or greater with newer therapies. Whether 
adoption of a more sensitive flow cytometric determina-
tion of the proportion of actively proliferating plasma 
cells would be useful with such agents remains to be 
seen. Although increasing the PCLI discriminant factor 
to greater than the currently proposed 3% theoretically 
appears to be an option, its utility would be diminished 
because most patients with newly diagnosed MM have 
PCLI below the 3% cutoff. However, these findings also 
do not rule out any long-term impact of the PCLI and 
require further follow-up.
	 Our study has reinforced the importance of using CG 
and FISH, both of which appear to be independent prog-
nosticators at diagnosis and complement each other for 
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risk analysis. Although the karyotypic abnormalities are 
extremely useful in determining the ploidy status and chro-
mosomal 13 abnormalities (both monosomy and interstitial 
deletion), interphase FISH assays have been particularly 
helpful in assessing IgH translocations, 17p13 deletions in 
addition to the numeric chromosomal abnormalities. The 
impact of each high-risk feature has been extensively eval-
uated individually in previous studies and therefore was 
not reassessed in the current study.

CONCLUSION

Our results indicate that, in patients with newly diagnosed 
MM predominantly treated with immunomodulator-based 
initial therapy, the best assessment of prognosis is achieved 
by performing both metaphase CG and FISH. Despite the 
introduction of novel agents, FISH and CG remain inde-
pendent prognostic tools in the current model. Our mod-
el identifies a group of “high-risk” patients who, on the 
basis of recent studies, require bortezomib-based initial 
therapy targeting sustained complete response as a treat-
ment goal. In contrast, “standard-risk” patients identified in 
this model can be treated with either immunomodulator- or 
bortezomib-based initial therapy.18,25-28 We advocate the use 
of both CG and FISH for risk assessment of patients with 
newly diagnosed MM until high-risk signatures defined by 
gene expression profiling become more widely available 
for clinical practice.29 However, given the fact that FISH 
allows identification of a larger proportion of high-risk 
patients compared with CG, the former should be given 
priority if only one of the tests can be performed for any 
reason.
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